In this study we examine offshore transport and dispersal pathways of the freshwater discharge from the Changjiang River in the East China Sea (ECS), using a regional ECS model. Comparison between the results for 1996 and 1998 clearly shows that the summer monsoon winds play a significant role in spreading the freshwater discharge offshore and determining the dispersal of freshwater in the ECS. Analysis of 10-year simulation demonstrates that a northeastward freshwater transport to Jeju Island across the northwestern shelf of the ECS dominates during the summer period due to the surface Ekman flow by the southeasterly along-shore wind. Meanwhile, there is virtually no relationship between the amount of the summer discharge and the freshwater pathway toward Jeju Island. Our analysis also suggests that when the summer wind is relatively weak, another freshwater pathway toward the central ECS appears with the ambient along-shelf current between the Taiwan Strait and the Korea Strait.
IntRODuCtIOn
Freshwater discharged into the East China Sea (ECS) dominates the distribution of surface salinity in summer when the precipitation amounts are large, especially associated with the Changjiang River, which contributes about 90% of the total discharge to the ECS (Beardsley et al. 1985; Kim et al. 1991) . The Changjiang River mouth is located on the east coast of mainland China (Fig. 1) . The river discharge is the third largest in the world and the river contributes high levels of nutrients and organic matter to the ECS. The discharge forms a plume of Changjiang diluted water (CDW) by mixing with saline ambient water (Lie et al. 2003) .
The hydrographic structure and spreading of the CDW in the ECS show a prominent seasonal cycle. The CDW flows southward along the Chinese coast in winter, but in summer it extends farther offshore (Beardsley et al. 1985; Kim et al. 2009 ). In winter when northerly winds prevail in the ECS, the river plume discharged from the Changjiang is confined to a narrow coastal band. The CDW in the Chinese coastal area is finally advected southward along the coast due to the northerly downwelling-favorable winds. In summer the CDW has been known to spread northeastward to the adjacent seas of Jeju Island (Wang 1988; Kim et al. 1991; Kim and Rho 1994) , located about 450 km northeast from the Changjiang River mouth (see Fig. 1 ). The offshore extension of freshwater may depend on several factors, such as the winds, ambient currents, tides, river discharge and topography. These factors may modify the pathways of the freshwater transport in the ECS.
Previous modeling studies of the CDW described the effects of wind and ambient current, and suggested that the spreading of freshwater is closely associated with the winddriven surface flow and ambient along-shelf current (Bang and Lie 1999; Chang and Isobe 2003; Chen et al. 2008; Moon et al. 2009a ). Chang and Isobe (2003) emphasized the effect of advection due to along-shelf current between the Taiwan Strait and the Korea Strait, and also suggested that wind effect is non-negligible. The role of wind-driven surface flow on the spreading CDW has been studied using experimental studies with idealized wind conditions (Bang and Lie 1999; Chen et al. 2008 ). More recently, Moon et al. (2009a) suggested that surface wind, rather than any other forcings, primarily induces a northeastward extension of the CDW to Jeju Island, using realistic atmospheric, tidal and river forcing. Nevertheless, the freshwater transport and the pathways in the ECS are still unclear because most of the studies described the response of the CDW to idealized or climatological forcings. Furthermore, quantitative analyses of the freshwater transport and its pathway for the interannual variation have not been well studied.
In reality, the characteristics of the CDW are diverse in time and space. For example, in 1996 extremely lowsalinity less than 25 arrives at even the western coastal area of Jeju Island with a lens structure of ~200 km diameter (Fig. 2a) . The appearance of the abnormal low-salinity water caused serious deterioration in the local oceanographic and fisheries environments. In 1998 the outer boundary of the CDW by 28 psu is detected in the central region of the ECS (or southwestern offshore area of Jeju Island) as a tongue-shaped plume extending from the Changjiang River mouth (Figs. 2b, c) . In general, freshwater transport has a significant influence on hydrographic structure and ocean circulation, particularly in summer. Moreover, the freshwater pathway is fundamentally important to the studies of biogeochemical processes regarding contaminant and nutrient transport.
In this study we attempt to quantify the transport of the CDW toward Jeju Island and address the freshwater pathway in the ECS. To elucidate the factors driving the freshwater transport, we review previous observational and numerical studies and use an interannual simulation of the freshwater transport in the ECS. We particularly pay attention on the pattern of freshwater transport of 1996 and 1998 because the two cases provide a distinct difference in the freshwater structure and the pathways, as mentioned above.
MODEl COnFIguRAtIOnS
We used the Regional Ocean Modeling System (ROMS) for this study. ROMS is a 3D, free surface, hydrostatic, finite-difference, primitive equation numerical ocean model based on a "stretched" terrain-following coordinate allowing for higher resolution near the surface and bottom boundaries (Song and Haidvogel 1994; Shchepetkin and McWilliams 2005) . Figure 1 shows the model domain indicated by the rotated rectangle and the bathymetry of the Yellow Sea (YS) and ECS. The horizontal resolution is about 10 km with 20 layers in the vertical stretched terrain-following coordinate. The bottom topography is extracted from a combination of two topographic data sets, SKKU (Sung Kyun Kwan University 1-min digital bathymetric and topographic data, Choi et al. 2002) and ETOPO5 (National Geophysical Data Center, NGDC). Bottom stress is parameterized with a quadratic drag law and a drag coefficient of 2.5 × 10 -3 (Lee and Beardsley 1999) . The advection scheme used in ROMS was third order and upstream biased which includes implicit hyper-viscosity in its leading truncation term, so no explicit horizontal viscosity or diffusivity was needed (Haidvogel et al. 2000; Shchepetkin and McWilliams 2005) . In addition, ROMS incorporates the K-profile parameterization (KPP) model introduced by Large et al. (1994) and implements the KPP scheme for both surface and bottom oceanic boundary layers and has been used successfully in estuarine numerical application of ROMS (e.g., MacCready et al. 2002; Li et al. 2005 ). Other experiments with the level 2.5 scheme of turbulence closure (Mellor and Yamada 1982) yielded essentially the same result, agreeing with the results of Li et al. (2005) and Sanay and Valle-Levinson (2005) .
The model initial and open boundary values for tracers (temperature and salinity), subtidal surface height and subtidal velocity come from the northwestern Pacific model with 1/6 degree horizontal resolution (Moon et al. 2009b ). The open boundary condition for the barotropic component consists of the Chapman (Chapman 1985) formulation for surface elevation and the Flather (Flather 1976 ) formulation for velocity. For baroclinic component at the open boundary includes an Orlanski-type radiation condition (Marchesiello et al. 2001) . Tidal forcing of surface height and depth-averaged velocity at the open boundaries are specified using 8 tidal components (M 2 , S 2 , K 1 , O 1 , N 2 , P 1 , K 2 , Q 1 ) from the NAO.99Jb model (Matsumoto et al. 2000) assimilating TOPEX/POSEIDON altimeter data and data from 219 (Fig. 3 , Senjyu et al. 2006 ). Atmospheric forcing is obtained from the NCEP reanalysis-II 6-hourly data from 1995 to 2005: 10 m wind, air temperature, surface pressure and radiation. Surface fluxes of momentum and heat are calculated in ROMS using bulk formulations (Fairall et al. 1996a, b) . Net shortwave radiation and downward longwave radiation are given as external forcing, and then upward longwave, sensible, and latent heat fluxes are calculated in the model (MacCready et al. 2009 ). For this study, hindcast simulations were conducted for 11 years (1995 -2005) with the first year used as a spinup period.
SIMulAtED FREShWAtER tRAnSpORt pAthWAyS In thE ECS
3.1 Freshwater transport in 1996 and 1998
Surface Salinity Distributions
1996 and 1998 show a distinct difference in the freshwater transport and the pathways: a tongue-shaped pattern of low-salinity water toward the central ECS in 1998 and a large lens structure of abnormal low-salinity water in the western sea of Jeju Island in 1996 (Fig. 2) . Comparison between the two years will provide helpful information to easily understand the characteristics of the CDW.
Simulated surface salinity and current fields on 7 August 1996 and 1998 are shown in Fig. 4 . Large-scale flow patterns of the ECS in both years are generally comparable with the observed current distributions (Katoh et al. 2000; Ichikawa and Beardsley 2002) , such as the Kuroshio flowing northeastward along the ECS shelf break, the Taiwan Warm Current entering through the Taiwan Strait, the Tsushima Warm Current exiting through the Korea Strait. In particular, the differences in observed surface salinity between 2 years are successfully reproduced in our simulations, although the salinity values are a little higher than the observed data (see Fig. 2 ). In 1996 a lens structure of low-salinity water clearly appears in the western area of Jeju Island (Fig. 4a) , while in 1998 the freshwater plume spreads east/southeastward to the central ECS from the river mouth as a broad tongueshaped pattern (Fig. 4b) . A different pattern for low-salinity water is also shown in the vertical sections between the river mouth near Jeju Island (Fig. 5) . Unlike in 1998, the surface low-salinity water is separated from the main CDW plume in the sloping bottom region , indicating a well-mixed water structure over the sloping bottom.
Freshwater Fluxes
In order to examine the offshore freshwater dispersal patterns (200 km farther offshore from the Changjiang River estuary), we consider the salinity and flow fields across three arcs centered at the Changjiang River estuary (arc lines of Fig. 1 ). The arcs of radius 200, 300 and 400 km are numbered arc 2, 3 and 4, respectively. These arcs are also divided into three sections by 45° azimuth, and the sections of each arc are named N (northward), NE (northeastward) and SE (southeastward), clockwise from the north.
The temporal variability of surface salinity across arc 4 over three months from 1 June to 31 August 1996 is shown in Fig. 6a . Low-salinity water below 30 psu appears only in the central region of the ECS (600 -800 km distance from the north) during July. In early August, however, extremely low-salinity water (below 28 psu) predominates in the western area of Jeju Island (NE part, 300 -500 km distance from 
the north), forming a large low-salinity lens of ~200 km. The low-salinity water detached from the main CDW plume moves to the west coast of Jeju Island and eventually a substantial portion of the low-salinity water flows into the East Sea/Sea of Japan after passing through the Jeju Strait during August-September. Vertically and spatially integrated, daily averaged freshwater transport across each portion of the arc 4 in 1996 is presented in Fig. 6b to identify the temporal and spatial variability of the freshwater transport (Fw) using the equa-
, where S r is a reference or ambient salinity (maximum value in the region), S is the salinity of the water column, η is sea level, and h is bottom depth. u is horizontal velocity normal to the arcs and the integral with respect to x is the horizontal distance (Choi and Wilkin 2007; Moon et al. 2009a; Zhang et al. 2009 ).
In this study, a positive freshwater flux is defined as flow from the Changjiang River. The freshwater transport across the NE section of arc 4 (solid line of Fig. 6b ) starts to increase from mid-July and then sharply increases and reaches its maximum value in early August. Thereafter the freshwater transport gradually decreases in time with an abruptly decrease for a few days in mid-August. Meanwhile, the net export across the SE section (dotted line) tends to decrease after mid-July and is also much smaller than that of the NE portion. This result shows that a large amount of freshwater is rapidly advected northeast toward Jeju Island from late July to early August 1996, while in the same period there is little freshwater transport into the central ECS and the YS.
In contrast, in 1998 (see Fig. 6c ) the low-salinity water is mostly distributed in the SE area (600 -900 km distance from the north) during July through August. As shown in Fig. 6d , from June to mid-July the temporal and spatial variations of freshwater transport are generally similar to that of 1996. After mid-July, however, the patterns are quite different. In 1996 the northeastward freshwater transport largely increases, but the transport is mainly toward the central ECS (500 -800 km from the north between NE and SE) in 1998.
Mean Freshwater transport
In this section we quantify the summer mean transport of the freshwater discharge from the Changjiang River and its pathway using simulated interannual (from 1996 to 2005) surface flow and salinity fields. To identify the summer pattern of the freshwater, the data averaged from July to August are used because the offshore extension of the CDW is fully developed in this season when the Changjiang River discharge peaks.
The summer-mean surface flow, salinity and spatially integrated freshwater transport across each portion of the arcs are shown in Fig. 7 . The mean surface current shows 
outflow that is faster than 0.2 m s -1 at the river estuary (Fig. 7a) . A substantial part of this coastal current flows northward and sharply turns to the east/northeast across the northeastern slope of the Changjiang Bank approximately 200 -250 km offshore from the estuary. Then, the east/ northeastward current flows into the Jeju Strait after moving clockwise around Jeju Island. The clockwise moving flow around Jeju Island and the eastward flow in the Jeju Strait are due to the Cheju Warm Current. The spatial distribution of summer-mean surface salinity (Fig. 7b) is similar to that in the climatological chart made by the China Ocean Press (1992). The plume extends offshore as a tongue-shaped pattern moving northeastward and spreads over a large shelf area of the northwestern ECS. The surface salinity in the vicinity of Jeju Island decreases to below 32 psu. As shown in Fig. 7b , the cross-shelf (northeastward) freshwater transport is the most obvious path in the summer period. On the coastal shelf a large portion of the freshwater goes first to the shelf slope of the Changjiang Bank, but the western sea of Jeju Island is the eventual destination for 48% (2.5 × 10 4 m 3 s -1 at arc 4) of the summer mean discharge.
DISCuSSIOn

Offshore Freshwater and Wind
Response to Wind in 1996
To visualize the patterns of freshwater spreading from the Changjiang River, we depict the 28-psu isohaline every 10 days from 11 July to 10 August in Fig. 8 . The isohaline is chosen as the outer boundary of the river plume. We concentrate on the period between mid-July and mid-August when the offshore extension of the plume is fully developed. In 1996 the isohaline extends east/southeastward toward the central ECS until mid-July (lines of July 11 and 21 in Fig. 8a ). After mid-July, however, the freshwater dispersal pattern is dramatically changed. In late July the southeastward plume changes its direction to the north and then spreads over 300 km offshore in the northeastern direction across the northwestern shelf of the ECS (line of July 31 in Fig. 8a) . The 28-psu isohaline showing a large lens structure arrives close to the west coast of Jeju Island in early August (line of August 10 in Fig. 8a) .
The motion of freshwater was also observed using satellite-tracked floats (Lie et al. 2003) . They found that some floats deployed near the river mouth (at 31.5°N) traveled northward in the shallow coastal region and then traveled northeast toward the west coast of Jeju Island in the shelf region (see their Fig. 10 ). The drifters in the western area of Jeju Island turned northeast with the Cheju Warm Current, which moved clockwise around Jeju Island, and then moved into the Jeju Strait.
Summer winds may be a significant force pushing freshwater from the river mouth onto the shelf region. Stick diagrams of daily mean wind at 10 m in 1996 averaged spatially from 122 to 127°E, and from 29 to 35°N is presented in Fig. 9a . Since the CDW's pathway in summer generally lies on the middle area between the central ECS and the southern YS, the wind fields are spatially averaged in this region to compare to the temporal and spatial variability of the freshwater flux. In 1996 the south/southwesterly winds prevail over the area until mid-July, but thereafter the wind direction and speed are abruptly changed. The south/southwesterly wind drives the plume east/southeastward toward the central ECS, as shown in Fig. 8a . The plume moving toward the central ECS is sharply turned northeast due to the strong southeasterly wind during late July, which rapidly pushes the plume to the northeastern shelf of the Changjiang Bank by Ekman dynamics, and then the plume in the shelf region is transported to the western coast of Jeju Island in early August. As a result, the freshwater transport across the NE section of arc 4 is at a maximum in this period (Fig. 6b) . Meanwhile, the northeasterly wind, for a few days in midAugust, also causes the abrupt decrease in northeastward freshwater transport.
Response to Wind in 1998
As presented in Fig. 8b , in 1998 the 28-psu isohaline spreads east/southeastward to the central ECS until mid-Ju- ly in a tongue-shaped pattern, and it has a similar pattern to that in 1996. The tongue-shaped plume shows that the ambient along-shelf current as well as the summer wind in the ECS contribute to the southeastward extension of the freshwater because the Taiwan Warm Current flows northeastward parallel to the Zhejiang coast of China and then turns clockwise along the 50 m isobath around the southern flank of the Changjiang Bank (Chang and Isobe 2003; Moon et al. 2009a) . Winds also show a similar pattern between 2 years in the same period that the wind generally blows northward or northeastward (Fig. 9b) . After mid-July, however, the pattern of freshwater pathway differs substantially from the pathway in 1996. In late July when northerly wind blows the offshore tongue-shaped plume significantly retreats toward the Chinese coast developing a southward narrow coastal band (line of July 31 in Fig. 8b ). The northerly wind drives surface Ekman flow toward the Chinese coast, causing the band of freshwater to narrow. During early and mid-August the freshwater plume spreads east/southeastward over 300 km offshore due to strong south/southwesterly winds (line of August 10 in Fig. 8b ), which is effective at pushing surface water out of the Chinese coast, and the freshwater extends offshore forming a broad tongue-shaped plume.
Compare to that of 1996, the freshwater in 1998 has larger southeastward transport (2.76 × 10 4 in 1998 versus 1.45 × 10 4 m 3 s -1 in 1996) and smaller northeastward transport (1.84 × 10 4 in 1998 versus 3.68 × 10 4 m 3 s -1 in 1996) on the outershelf (at arc 4). Thus two pathways by which freshwater is dispersed offshore are identified: a northeastward pathway toward Jeju Island across the northwestern shelf of the ECS in 1996, and a southeastward pathway toward the central ECS in 1998.
Mean Response to Wind During 1996 -2005
Since a large amount of freshwater is transported northeastward to Jeju Island (see Fig. 7b ) during 1996 -2005, we examine the relationship of northeastward freshwater transport with wind directions during the summer (JulyAugust). 10-year mean summer wind pattern and scatter diagram for the summer freshwater transport across the NE portion of the arc 4 and the summer wind directions from 1996 to 2005 are shown in Figs. 10a and b , respectively. The results show that the southeasterly wind is responsible for the northeastward freshwater transport in the ECS. For all years the southeasterly along-shore wind is dominant except for 1998 and 1999, and closely related to the northeastward freshwater transport. The southerly wind prevails in summer 1998 as noted in section 4. Meanwhile, in 1999 when the easterly wind prevails the northeastward freshwater flux is quite small compared to other years, indicating that the easterly wind has little impact on the offshore extension of the CDW (Bang and Lie 1999) . At the same time, the northeastward transport is correlated (r 2 = 0.94 with 95% confidence level) with the magnitude of along-shore component of the winds (southeasterly) as shown in Fig. 10c . These relations between the two variables demonstrate that the upwelling-favorable southeasterly wind plays a critical role in determining the northeastward freshwater export to Jeju Island in the ECS as described for 1996.
low-Salinity Water Detached from Main CDW plume
In 1996, of particular interest is the offshore detachment of the CDW in the northeastern flank of the Changjiang Bank located northeast 200 -250 km offshore from the Changjiang estuary (Fig. 4a) . The bottom slope is steeper over the northeastern flank of the Changjiang Bank than the southern flank. During late July to early August when southeasterly wind strongly blows, the low-salinity water is detached from the main CDW plume over the sloping bottom of the northeastern shelf of the Changjiang Bank (Fig. 5a ). The strong winds during this period are largely associated to sequential two typhoons, which migrated toward mainland of China after passing through the Taiwan Strait. In this period tides around the Changjiang Bank also have their largest tidal range (sea level amplitude is approximately 1.6 m) because of spring tides. These conditions for the CDW's detachment may support the interpretation of Moon et al. (2010) for the detachment process around the Changjiang Bank. They suggested that the offshore detachment of CDW occurs in the sloping side of the Changjiang Bank where the tidal energy dissipation is strong enough to overcome the buoyancy effect during spring tide. Chen and Beardsley (1995) suggested that when stratification is included, tidal currents become modified over the sloping sides of the bottom by nonlinear advection, the baroclinic pressure gradient, and vertical friction, and then tidal mixing occurs in the bottom boundary layer leading a horizontal tidal mixing front. Lee and Beardsley (1999) suggested that the bottom mixed layer thickness varies with the spring-neap cycle in the tidal current, and Moon et al. (2010) showed that the water column over the Changjiang Bank could be well mixed during spring tide when tidal currents become stronger. In this study, we found that under strong along-shore (southeasterly) winds caused by the typhoons that cause a cross-shelf (northeastward) freshwater transport in the ECS, a large low-salinity water lens (~200 km) occurs due to intense vertical mixing during spring tide. The vertical mixing is associated with the tidal rectification processes in a stratified fluid. During the spring tide, the thickness of the bottom mixed layer in the sloping bottom around Changjiang Bank reaches the mean water depth, implying that the stratification is completely destroyed in the entire water column. As shown in Fig. 5a , the water column over the slope region is nearly homogeneous, showing that strong tidal mixing occurs there. The model horizontal resolution used in this study may not be sufficient to resolve eddy formation via baroclinic instability, as pointed out by Chen et al. (2008) . Nevertheless, the large low-salinity patch is reproduced in our simulation, suggesting that the necessary condition is not the small-scale eddy due to baroclinic instability but the tide-induced vertical mixing with the wind-driven cross-isobath transport for the formation of the isolated large low-salinity lens structure. The baroclinic instability might be associated with generating a small-scale patch of the CDW. The necessary condition for the offshore detachment of CDW is illustrated in Fig. 11 . This shows that both the intense tide-induced vertical mixing and winddriven cross-shelf transport largely contribute to the detachment process of the CDW (Moon et al. 2010 ).
Freshwater transport toward Jeju Island and River Discharge
Another interesting feature in the results for 1996 and 1998 is the discharge of the Changjiang River in summer, which is lower in 1996 than in 1998 as shown in Fig. 3 (cf. approximately 6.3 × 10 4 in 1996 and 7.8 × 10 4 m 3 s -1 in 1998). Despite the smaller river discharge in 1996, the freshwater transport toward Jeju Island is much larger in 1996 than in 1998. Moreover, the lowest salinity water around Jeju Island is reproduced in 1996 with a minimum value of about 22 psu (approximately 28 psu in 1998), which is fairly consistent with the observations. The difference is due to the pattern of horizontal freshwater dispersal. In 1996, freshwater is transported northeastward forming a large lens structure after detaching from the main CDW, while in 1998 it moves east/southeastward, showing a broad tongue-shaped plume. The relationship with the Changjiang River discharge is also clearly shown in Fig. 12 , which represents year-toyear variation of the freshwater transport across the arc 4. As shown in the freshwater transport across the section NE, there is no correlation between the summer discharge and the northeastward freshwater flux. The summer discharge is 
much larger in 1998 and 1999 than other years (see Fig. 3 ) but the northeastward freshwater transport to Jeju Island has its maximum in 1996. Moreover, the freshwater transport has its minimum in 1999, not in 2004 when the summer discharge is at a minimum. Figure 13 shows mean salinity distribution and wind pattern during mid-July and mid-August, 1999. A large portion of the freshwater moved southward along the coast forming a coastal band compared with the distribution of 10-year mean salinity (Fig. 7b) . This may be associated with the formation of a costal boundary current turning to the right (Northern Hemisphere) induced by the accumulated coastal freshwater due to westward wind. This implies that the offshore extension of the plume is basically independent of the river discharge, as suggested by Moon et al. (2009a) . They found that the summer high river discharge has little influence on the spatial behavior of the CDW around Jeju Island although the discharge contributes to the amount of freshwater around Jeju Island as a linear relationship.
Relation with an Ambient Current in the ECS
Relatively weak along-shore (southeasterly) wind allows an additional pathway to the central ECS along the Fig. 11 . Schematic view of the detachment process of low-salinity water from the main CDW plume under the conditions of strong wind-driven cross-shelf freshwater transport and intense tide-induced vertical mixing over the sloping bottom during spring tide. Fig. 12 . Year-to-year variation of the summer-mean (from mid-July to mid-August) freshwater transport across each section of the arc 4 shown in Fig. 1 from 1996 to 2005. ambient current in the ECS. As shown in Fig. 12 , when the along-shore winds are stronger, the southeastward (cross symbol) freshwater transport is smaller than the northeastward (circle symbol) one (e.g., in 1996, 2000, 2004 and 2005) . On the other hand, the freshwater transport toward the central ECS is nearly the same as the transport toward Jeju Island when the along-shore winds are relatively weaker (e.g., in 2001 -2003) For instance, in 2000 most of the freshwater moves toward Jeju Island (Fig. 14a) , indicating that strong along-shore winds carrys a large amount of freshwater northeastward across the northwestern shelf of the ECS.
In 2003 two freshwater pathways emerge as shown in Fig. 14b . One is the cross-shelf pathway toward Jeju Island driven by relatively weak along-shore wind and the other is the along-isobath (approximately 50-m isobath) pathway due to the ambient current between the Taiwan and Korea Straits. A part of this current enters a southern flank off the Changjiang along the 50-m isobaths and the current width increases in the central part of the ECS. It transports freshwater to the central region of the ECS. Thus the ambient current along the ECS continental shelf can contribute to the freshwater transport toward the central ECS when the wind is relatively weak in this area.
SuMMARy
In this study we estimated the freshwater flux discharged from the Changjiang River and dispersal pathways that influence the physical processes in the ECS environments as the river plume substantially spreads offshore during summer. Ten-year (1996 Ten-year ( -2005 simulations with ROMS were used to analyze the freshwater transport, the dispersal pathway and summer mean freshwater transport. We performed intensive analysis of 1996 and 1998 cases since the results of the two years provided distinct differences in the freshwater transport and the pathways.
In 1996 a cross-shelf (northeastward) pathway of freshwater clearly emerges in the ECS. During the summer the plume separates from the main CDW to travel toward Jeju Island across the northeastern shelf of the Changjiang Bank. The strong southeasterly wind is the most significant force pushing the freshwater from the river mouth to the vicinity of Jeju Island. Affected by the strong along-shore wind, the plume is separated in the northeastern shelf of the Changjiang Bank during spring tide, forming a large lowsalinity lens. In summer of 1998 the freshwater transport was mostly east/southeastward to the central ECS due to strong southerly wind, as a tongue-shaped pattern from the Changjiang mouth rather than an isolated lens structure.
Result of the hindcast simulation indicates that a northeastward freshwater pathway, which moves to Jeju Island across the northwestern shelf of the ECS, dominates during the summer period due to the prevailing along-shore (southeasterly) wind. There is virtually no relationship between the amount of river discharge and the northeastward freshwater pathway, implying that the offshore extension in summer is not primarily caused by the increasing summer discharge from the Changjiang River. In addition, if the surface wind is negligible, another pathway toward the central ECS appears with the along-shelf current between the Taiwan Strait and Korea Strait.
